. These systems, forming the HKT/Trk/Ktr superfamily, are involved in physiological functions such as nutritional ion uptake from the external medium, control of membrane polarization or adaptation to osmotic and salt stresses (Corratgé-Faillie et al., 2010) . In plants, the most documented roles are those played in adaptation to salinity constraint: by mediating Na + retrieval ("desalinization") from the ascending xylem sap (Ren et al., 2005; Sunarpi et al., 2005) and Na + re-circulation from leaves to roots via the phloem sap (Berthomieu et al., 2003) , some members from the HKT family are involved in control of Na + accumulation in leaves (Berthomieu et al., 2003; Ren et al., 2005; Huang et al., 2006; Byrt et al., 2007) .
Evidence is also available that plant HKT transporters can play a role in nutritional Na + uptake in roots facing K + shortage in the presence of low external Na + concentrations (Horie et al., 2007) .
The first identified HKT transporter, the wheat (Triticum aestivum) TaHKT2;1 transporter, was cloned by functional complementation of a yeast mutant defective for K + transport and was initially proposed to behave as H + -K + symport (Schachtman and Schroeder, 1994) . It was later shown to be able to mediate Na + -K + symport, at least when expressed in yeast or Xenopus oocytes (Rubio et al., 1995; Gassmann et al., 1996) . A Na + -selective HKT transporter was then identified in Arabidopsis thaliana (Uozumi et al., 2000) where it constitutes the sole HKT-type system. Cereals possess a much larger number of HKT genes, e.g., 5 to 11 genes in the different wheat genomes (Huang et al., 2008) and 9 genes in rice (Oryza sativa) (Garciadeblás et al., 2003) , leading to functional diversity within this family (Jabnoune et al., 2009; Corratgé-Faillie et al., 2010) . Based on functional studies in heterologous systems (Xenopus oocytes or yeast cells) and phylogenetic analyses, higher plant HKT transporters have been sorted out into two subfamilies (Platten et al., 2006) .
Subfamily 1 is present in both dicotyledonous and monocotyledonous species and comprises Na + -selective transporters. Subfamily 2 is specific to monocotyledonous species and comprises transporters permeable to both Na + and K + and, at least for some of them, able to display Na + -K + symport activity when heterologously expressed in yeast or Xenopus oocytes (Hauser and Horie, 2010) . Within the HKT/Trk/Ktr superfamily, transporters endowed with Sequence analyses, in silico modeling and site-directed mutagenesis experiments have led to the conclusion that HKT/Trk/Ktr transporters share a typical structure, which probably derived from that of an ancestral K + channel subunit (Durell et al., 1999; Durell and Guy, 1999) . The shared structure comprises a "channel-like" hydrophobic core region composed of four successively arranged "MPM" domains (abbreviation for transMembrane segment, "Pore loop", transMembrane segment). Each "MPM" domain of HKT/Trk/Ktr transporters harbors sequence and structure similarities with K + channel subunits that display a single "MPM" domain and associate into tetramers to form functional channels (Durell et al., 1999; Durell and Guy, 1999) . The eight transmembrane segments of the core region of HKT/Trk/Ktr transporters are organized with a four-fold symmetry around a central permeation pathway (pore) lined by the 4 "pore loop" domains (Durell and Guy, 1999; Kato et al., 2001) . This model has recently been confirmed by the elucidation of the crystal structure of a bacterial member from the HKT/Trk/Ktr superfamily, VpTrkH from Vibrio parahaemolyticus (Cao et al., 2011) . In the pore sequence of each "MPM" domain, a short stretch, which includes a glycine residue, can be identified as the counterpart of the GYGD motif that forms the selectivity filter in K + channels (Doyle et al., 1998; Cao et al., 2011) .
Although they display such a channel-like structure, HKT/Trk/Ktr systems can be considered as transporters rather than channels since they are able, at least for some of them, to mediate active K + uptake (Corratgé-Faillie et al., 2010) .
Surprisingly, a subfamily 2 rice HKT transporter that remained to be characterized, OsHKT2;4, was recently reported to form a calcium-permeable weakly selective cation channel (Lan et al., 2010) or a Ca 2+ -permeable K + transporter (Horie et al., 2011) when heterologously expressed in Xenopus oocytes. These results were exciting for the plant ion transport community, since in addition to the fact that they raised questions of structural evolution within the HKT family, at least for the former of these studies, they identified OsHKT2;4 as a potential actor of plant cell Ca 2+ signaling, in which very few proteins playing a role as Ca 2+ transporters or channels have been clearly identified at the molecular level so far (White et al., 2002; Ali et al., 2007; Cho et al., 2009; Laohavisit et al., 2010; Laohavisit et al., 2012 
RESULTS

Expression of OsHKT2;4 in oocytes gives rise to an instantaneously-activating non voltage-regulated conductance
OsHKT2;4 expression in Xenopus oocytes being expected not to lead to large exogenous currents (Lan et al., 2010) , we paid special attention to the quality of oocytes used. Figure 1A provides examples of currents recorded in a control (water-injected) oocyte from a batch selected for OsHKT2;4 expression. In the presence of 3 mM NaCl and either 0.3 or 10 mM Ca-gluconate, the level of endogenous currents was very low and independent of the external Ca 2+ concentration. Besides selected oocyte batches, other ones displayed significant endogenous currents in the presence of a high (10 mM) external Ca 2+ concentration upon membrane hyperpolarization (Fig. 1B) . These currents, displaying slow kinetics of both activation and deactivation upon return to weakly polarized conditions (Fig.   1B ), were reminiscent of a reported oocyte endogenous anionic conductance activated by an increase in cytosolic calcium concentration (Kuruma and Hartzell, 1999; Hartzell et al., 2005) .
Being regulated by cytosolic Ca 2+ , this conductance is in particular strongly increased in bath solutions containing a high calcium concentration, if a Ca 2+ conductance is also present at the membrane. The level of currents in the presence of high external calcium was therefore always checked in control oocytes. When control oocytes displayed in the presence of 10 mM Ca 2+ at membrane potentials less negative than -165 mV slowly activating and deactivating currents reminiscent of typical Ca 2+ -activated endogenous anionic conductance ( Fig. 1B ) (Kuruma and Hartzell, 1999) , revealing a substantial permeability to Ca 2+ in those oocytes, the corresponding batch of oocytes was systematically discarded for OsHKT2;4 expression.
Injection of 50 ng of OsHKT2;4 cRNA in oocytes from selected batches resulted in appearance of exogenous currents. Figure 1C shows representative examples of currents recorded 2 days after OsHKT2;4 cRNA injection, in the presence of 3 mM NaCl and either 0.3 or 10 mM Ca-gluconate (same ionic conditions as for the recordings in water-injected 8 oocytes shown in Figure 1 , A and B). Currents in this OsHKT2;4-expressing oocyte displayed instantaneous activation, no evolution with time at any imposed membrane potentials in the explored range of -150 to +45 mV, and no obvious rectification. Currents displaying such "ohmic" aspect were systematically observed in every OsHKT2;4-expressing oocytes, in all our experimental solutions (Cf. current/voltage relationships in all figures).
Expression of OsHKT2;4 always induced a strong modification of oocyte membrane resting polarization in Na + -containing and/or low K + -containing media, indicating that it resulted in an important change in the nature of oocyte membrane ionic permeability. In the ionic conditions used in Figure 1 for instance (3 mM NaCl and either 0.3 or 10 mM Cagluconate), the resting potential of the oocyte membrane was shifted negatively by more than 50 mV in oocytes expressing OsHKT2;4 when compared with control oocytes ( ). In these experiments, the mean reversal potential of currents through OsHKT2;4, more negative than -120 mV, was fully independent of the external calcium concentration in the range 0.3 to 10 mM. Furthermore, OsHKT2;4 current intensity also was independent of external calcium concentration (Figs. 2F and Supplemental S1C). This indicated that even in conditions of very low concentrations of competing cation for permeation through OsHKT2;4, Ca 2+ was not significantly permeant.
We then examined a possible permeability to Mg 2+ in OsHKT2;4 since this system had been reported to be permeable to Mg 2+ as well (Lan et al., 2010; Horie et al., 2011 indeed, the conductance to K + was (slightly) higher than the conductance to Na + in OsHKT2;4 (in bath solutions comprising only K + or Na + as monovalent cation), whereas it was strongly lower (by more than 4 times) than the conducance to Na + in all other HKT transporters (Rubio et al., 1995; Gassmann et al., 1996; Uozumi et al, 2000; Horie et al., 2001; Jabnoune et al., 2009; Mian et al., 2011; Figs. 3, D and Supplemental S2) .
Furthermore, the comparison of the reversal potential of currents in the presence of K + or Na + also suggested a selectivity for K + higher in OsHKT2;4 than in other characterized HKT transporters (Gassmann et al., 1996; Jabnoune et al., 2009; Mian et al., 2011; Supplemental Fig. S2) . Accurate permeability ratios can probably not be derived for all HKT transporters from the Goldman-Hodgkin-Katz equation classically used to describe ion channel permeability (Hille, 1992) since this equation assumes absence of interaction between permeant ions upon transport, which cannot be the case in HKT transporters from sub-family 2 displaying Na + -K + symport activity (when expressed in oocytes, like the rice and barley HKT2;1 transporters for instance). However, performing such crude calculations for broad comparison resulted in "estimates" of the K + to Na + permeability ratio higher in OsHKT2;4 than in the rice or barley HKT2;1 transporters, and much higher in these subfamily 2 11 transporters than in a member from subfamily 1, OsHKT1;3, as expected (Supplemental Fig.   S2F ).
OsHKT2;4 permeability to H + was also examined. Since some fungal HKT homologs have been described as H + -K + symporters (Rodríguez-Navarro, 2000) , and since K + is the most permeant monovalent cation through OsHKT2;4 (Fig. 3 , B-D), we tested whether K + could be co-transported with H + . Two sets of bath solutions were used which displayed different pH, 7.5, 6.5 and 4.5, a fixed (standard) concentration of Ca 2+ and Mg 2+ and either 3 mM K + (as in Fig. 3 , B-D) or a very low concentration of K + (0.04 mM) (Fig. 3, F and H) . In the presence of 3 mM K + , changing the external pH from 6.5 to 4.5 had no effect on OsHKT2;4 currents ( Fig. 3F ). In the presence of 0.04 mM K + , the decrease in external pH from 6.5 to 4.5 had a small effect on recorded currents: the reversal potential of OsHKT2;4 currents shifted positively by ~5 mV and OsHKT2;4 macroscopic conductance was slightly reduced (Fig. 3H ).
No effect of external pH was observed upon medium alkalinization from pH 6.5 to 7.5 ( Fig.   3H ). Thus, H + is not permeant through OsHKT2;4 when the external concentration of K + is higher than that of H + , but may be slightly permeant when both concentrations are similar.
Taken as a whole, these results suggest that under our experimental and very likely most physiological ionic conditions, H + is not significantly permeant through OsHKT2;4.
OsHKT2;4 transports Na + along with K + at high external Na + concentrations
Experiments using solutions containing either K + or Na + as sole monovalent cation, as shown in Figure 3 , B-D, indicated that OsHKT2;4 is much more permeable to K + than to Na + .
OsHKT2;4 permeability to K + and Na + was then further analyzed by using sets of solutions containing both cations. The concentration of either Na + or K + was kept constant while that of the other ion was varied, the concentrations of Ca 2+ and Mg 2+ being kept constant, at their standard values.
In the presence of either 40 µM (Fig. 4 , A-C) or 50 mM Na + (Fig. 4 , D-F), the concentration of K + was successively set to 0.3, 3 and 30 mM. The increase in external K + concentration positively shifted the reversal potential of OsHKT2;4 currents in every case.
The mean shift was of about 40 mV upon 10-fold change in K + activity, indicating that K + was the main ionic species transported through OsHKT2;4 (theoretical shift of 58 mV for a purely K + -selective transporter), except in the presence of 50 mM Na + when the concentration of K + was varied between 0.3 and 3 mM. In these latter conditions, the shift in current reversal potential resulting from the 10-fold increase in K + concentration, was reduced to about 10 mV, suggesting that Na + , and not K + , was then the main ionic species transported through OsHKT2;4.
In reciprocal experiments, OsHKT2;4 permeability to Na + was analyzed by varying the external concentration of this cation from tens of µM to tens of mM, in the presence of a fixed concentration of K + , set to either 0.08 mM ( Fig solutions were similar, or that of K + was higher than that of Na + , the data shown in Figure 5 reveal that increasing the external concentration of Na + was without any effect on the current reversal potential, leading to the conclusion that OsHKT2;4 was then behaving as a give rise to increased endogenous channel activity, depending on the exogenous protein (Shimbo et al., 1995; Tzounopoulos et al., 1995; Terhag et al., 2010) .
In the reports by Lan et al. (2010) with one central pore for ion permeation (Durell and Guy, 1999) . A multimeric structure of these transporters may be hypothesized to allow additional permeation pathways at the multimer interfaces (Durell and Guy, 1999) . Biochemical and structural analyses have evidenced dimeric structures in bacterial KtrB and TrkH transporters (Albright et al., 2007; Cao et al., 2011) . However, the analysis of VpTrkH crystal structure, which confirms the presence of a single central pore in each monomeric transporter, does not support the hypothesis of an additional permeation pathway at the interface of two monomers, since large hydrophobic residues occlude the cavity formed at this interface (Cao et al., 2011) .
In contrast to Lan et al. (2010) (2010) and Horie et al. (2011) , 1995) . Expressed in heterologous systems, these HKT2;1 "sub-group" transporters display a complex behavior compared to the transporters from subfamily 1, since they are endowed with different conduction modes (Rubio et al., 1995; Gassmann et al., 1996; Haro et al., 2005; Jabnoune et al., 2009 (Fig. 6A) . They switch to a Na + uniport mode when Na + is in the millimolar range and in excess over K + (Fig. 6A) . A K + uniport mode has also been proposed for these HKT2;1 sub-group transporters when K + is in the millimolar range and/or in excess over Na In the present study, OsHKT2;4 is shown to display functional similarity to other subfamily 2 members, being able to transport both Na + and K + (Figs. 4 and 5) . Like HKT2;1-type transporters, OsHKT2;4 can also be proposed to be endowed with different conduction modes depending on the external Na + concentration (Figs. 4, 5 and 6A ). Our experiments, however, suggest that strong differences exist between the transport modes displayed by OsHKT2;4 and "HKT2;1 sub-group" transporters in the same ionic conditions. Indeed, in the presence of low (submillimolar) concentrations of Na + and K + , whereas "HKT2;1 sub-group" transporters behave as Na + -K + symporters, OsHKT2;4 does not transport Na + and essentially transports K + (Figs. 4, 5 and 6A). Furthermore, whereas "HKT2;1 sub-group" transporters have been described as displaying no, or a weakly conductive, K + uniport mode of transport, this mode is conductive in OsHKT2;4. Finally, at high Na + concentrations (> 10 mM), when Na + is in excess over K + , whereas "HKT2;1 sub-group" transporters are in the Na + uniport mode, OsHKT2;4 would then transport both Na + and K + , possibly by mediating Na suggesting that it could be involved in both nutritional K + uptake and long distance K + transport.
MATERIALS AND METHODS
Expression in Xenopus laevis oocytes
OsHKT2;4 cDNA was subcloned into the pGEMDG vector (D. Becker, University of Würzburg, Germany) downstream from the T7 promoter and between the 5' and 3' untranslated regions of the Xenopus β -globin gene. Capped and polyadenylated cRNA was synthesized in vitro from linearized vector using the mMESSAGE mMACHINE T7 kit (Ambion, Austin, USA). Stage V or VI Xenopus laevis oocytes, isolated as previously described (Véry et al., 1995) , were injected with either 50 ng of OsHKT2;4 cRNA in 50 nL of DEPC-treated water or 50 nL of DEPC-treated water (for control oocytes), and then kept at 19°C in "ND96" medium (96 mM NaCl, 2 mM KCl, 1.8 mM CaCl 2 , 1 mM MgCl 2 , 2.5 mM Napyruvate, and 5 mM HEPES-NaOH, pH 7.4) supplemented with 0.5 mg.L -1 gentamycin. For
OsHKT2;1, OsHKT1;3 and HvHKT2;1 cloning and expression, see Jabnoune et al. (2009) and Mian et al. (2011) .
Two-electrode voltage-clamp
Whole oocyte currents were recorded using the two-electrode voltage clamp technique (correction being made for voltage drop through the series resistance of the bath and the reference electrode) 1 to 2 days after cRNA injection as described by Mian et al. A to F, Current-voltage (I-V) relationships obtained in oocytes bathed with solutions containing varying concentrations of Ca-gluconate (0.3, 1.8 or 10 mM: "0.3Ca", "1.8Ca" and "10Ca" solutions, respectively), no Mg 2+ and either 1 mM KCl ("1 K") (A) and (B), 3 mM NaCl ("3 Na") (C), both 3 mM NaCl and 1 mM KCl ("3 Na + 1 K") (D) or 0.03 mM KCl ("0.03 K") (E) and (F). A and E, Control oocytes (injected with water). B to D and F, OsHKT2;4-expressing oocytes. G and H, Current-voltage (I-V) relationships in OsHKT2;4-expressing oocytes bathed with solutions containing varying concentrations of CaCl 2 and MgCl 2 , the total divalent ion concentration being kept constant to 10 mM in all solutions (10 mM Ca 2+ , 1.8 mM Ca 2+ + 8.2 mM Mg 2+ or 0.3 mM Ca 2+ + 9.7 mM Mg 2+ : "10 Ca 0 Mg", "1.8 Ca 8.2 Mg" and "0.3 Ca 9.7 (H). Currents flowing through OsHKT2;4 were extracted from whole oocyte currents by subtracting the mean currents recorded in the control oocytes. Data are means ± SE (n = 4 in A, n = 6 in B, C and G, n = 5 in D, n = 5 in E, n =10 in F and n = 3 in H) and are representative of at least three experiments performed on different oocyte batches. µM K-glutamate and 30 µM Na-glutamate ("K0.04") in G and H, at pH 7.5, 6.5 or 4.5.
Currents were recorded in control oocytes (injected with water) in E and G, and in oocytes expressing OsHKT2;4 in F and H. Currents flowing through OsHKT2;4 were extracted from whole oocyte currents by subtracting the mean currents recorded in the control oocytes in the same conditions. Data are means ± SE (n = 3 in E, n = 4 in F and G, and n = 6 in H). -glutamate (0.03, 0.3, 3, 30, 70 or 100 mM: "Na0.03", "Na0.3", "Na3", "Na30", "Na70", and "Na100", respectively). The Ca 2+ and Mg to be encountered by TaHKT2;1 and OsHKT2;1 expressed in Xenopus oocytes, depending on the external Na + and K + concentrations (Rubio et al., 1995; Gassmann et al., 1996; Jabnoune et al., 2009) .3, 1.8 or 10 mM: "0.3Ca", "1.8Ca" and "10Ca" solutions, respectively), no Mg 2+ and either 1 mM KCl ("1 K") (A) and (B), 3 mM NaCl ("3 Na") (C), both 3 mM NaCl and 1 mM KCl ("3 Na + 1 K") (D) or 0.03 mM KCl ("0.03 K") (E) and (F). A and E, Control oocytes (injected with water). B to D and F, OsHKT2;4-expressing oocytes. G and H, Current-voltage (I-V) relationships in OsHKT2;4-expressing oocytes bathed with solutions containing varying concentrations of CaCl 2 and MgCl 2 , the total divalent ion concentration being kept constant to 10 mM in all solutions (10 mM Ca 2+ , 1.8 mM Ca 2+ + 8.2 mM Mg 2+ or 0.3 mM Ca 2+ + 9.7 mM Mg 2+ : "10 Ca 0 Mg", "1.8 Ca 8.2 Mg" and "0.3 Ca 9.7 Mg", respectively), and either 1 mM K-glutamate ("1 K") (G) or 1 mM Na-glutamate ("1 Na") (H). Currents flowing through OsHKT2;4 were extracted from whole oocyte currents by subtracting the mean currents recorded in the control oocytes. Data are means ± SE (n = 4 in A, n = 6 in B, C and G, n = 5 in D, n = 5 in E, n =10 in F and n = 3 in H) and are representative of at least three experiments performed on different oocyte batches. H 2 O) . B, Oocyte expressing OsHKT2;4. Currents flowing through OsHKT2;4 were extracted from whole oocyte currents by subtracting the mean currents recorded in the control oocytes. C, Reversal potentials of currents flowing through OsHKT2;4 in the presence of the tested monovalent cations. D, Macroscopic inward conductance of OsHKT2;4 in the presence of the tested monovalent cations. Inward conductances were defined as slopes (of linear fits) of I-V relationships between the three imposed potentials closest to the reversal potential. Data are means ± SE (n = 4) and are representative of three experiments performed on different oocyte batches. E to H, Effect of external pH on OsHKT2;4 I-V relationships. The bath solutions contained 3 mM K-glutamate and 30 µM Na-glutamate ("K3") in E and F, and 40 µM K-glutamate and 30 µM Na-glutamate ("K0.04") in G and H, at pH 7.5, 6.5 or 4.5. Currents were recorded in control oocytes (injected with water) in E and G, and in oocytes expressing OsHKT2;4 in F and H. Currents flowing through OsHKT2;4 were extracted from whole oocyte currents by subtracting the mean currents recorded in the control oocytes in the same conditions. Data are means ± SE (n = 3 in E, n = 4 in F and G, and n = 6 in H). . Currents flowing through OsHKT2;4, were extracted from whole oocyte currents by subtracting the mean currents recorded in the control oocytes. Bath solutions contained Na-glutamate at 40 µM (A-C) or at 50 mM (D-F) and varying concentrations of K-glutamate (0.3, 3 or 30 mM: "K0.3", "K3" and "K30", respectively). The Ca 2+ and Mg 2+ concentrations were the same in all solutions (1.8 and 6 mM, respectively). C and F, Effect of external K + on current reversal potentials through OsHKT2;4. Reversal potentials in C and F were obtained from I-V data shown in B and E, respectively. Data are means ± SE (n = 5 in A, n = 7 in B and C, n = 6 in D, and n = 11 in E and F) and are representative of at least two experiments performed on different oocyte batches. Figure 5. Na + transport through OsHKT2;4. A to C, D to F and G to I, Na + transport in the presence of 80 µM K + , 1 mM K + and 50 mM K + , respectively. A, B, D, E, G and H, Effect of external K + concentration on I-V relationships obtained in control (A, D and G) and in OsHKT2;4-expressing oocytes (B, E and H). Currents flowing through OsHKT2;4 were extracted from whole oocyte currents by subtracting the mean currents recorded in the control oocytes. Bath solutions contained K-glutamate at 80 µM (A-C), 1 mM (D-F) or 50 mM (G-I) and varying concentrations of Na-glutamate (0.03, 0.3, 3, 30, 70 or 100 mM: "Na0.03", "Na0.3", "Na3", "Na30", "Na70", and "Na100", respectively). The Ca 2+ and Mg 2+ concentrations were the same in all solutions (1.8 and 6 mM, respectively). C, F and I, Effect of external Na + on current reversal potentials through OsHKT2;4. Reversal potentials in C, F and I, were obtained from I-V data shown in B, E and H, respectively. Data are means ± SE (n = 5 in A, D and G, n = 7 in Band C, n = 12 in E and F, and n = 14 in H and I) and are representative of at least two experiments performed on different oocyte batches. Figure 6 . Comparison of conduction modes and pore sequence between HKT2;4 from rice and "HKT2;1 subgroup" transporters. A, Dependency of the conduction modes on the external Na + and K + concentrations. Three types of conduction modes have been proposed to be encountered by TaHKT2;1 and OsHKT2;1 expressed in Xenopus oocytes, depending on the external Na + and K + concentrations (Rubio et al., 1995; Gassmann et al., 1996; Jabnoune et al., 2009 ): Na + -K + symport at lower Na + and K + concentrations, and Na + uniport, at higher Na + concentrations ([Na + ]>>[K + ] in TaHKT2;1; [Na + ]>1 mM in OsHKT2;1). At high external K + concentrations (K + ≥10 mM), OsHKT2;1 has been proposed to be in a non conductive state. In contrast, based on the present data, OsHKT2;4 is proposed to switch between a K + uniport mode at low Na + concentrations (lower than a few mM), and a Na + -K + symport mode, at high Na + concentrations (>10 mM) and external K + below a few mM. Note that a single arrow is present in the diagrammatic representation of the co-transport mode since Na + and K + in these transporters likely move through a unique central pore (Cao et al., 2011) . B, Alignment of expected selectivity filter sequences (Cao et al., 2011) in the four pore domains (P A , P B , P C , P D ) of different Na + -K + co-transporters and K + transporters from the HKT/Trk/Ktr superfamily (Corratgé-Faillie et al., 2010 , Cao et al., 2011 . The star above the last residue of the putative selectivity filter in P A domain indicates the position of a reported determinant of K + permeability: a glycine is present at this position in transporters highly permeable to K + , while a serine is present in transporters weakly or not permeable to this cation (Mäser et al., 2002) . Accession numbers of the transporter sequences: BsKtrB NP_390988; HcTrk1 CAL36606.1; OsHKT2;1 Q0D9S3.1; OsHKT2;2 BAB61791.1; OsHKT2;4 Q8L4K5.1; ScTrk1 NP_012406.1; VaKtrB ZP_01261970.1. Bs, Bacillus subtilis; Hc, Hebeloma cylindrosporum; Sc, Saccharomyces cerevisae; Va, Vibrio alginolyticus; Vp, Vibrio parahaemolyticus.
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